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�1�2-Linked disaccharides are key subunits of numerous
biologically potent oligosaccharides, antigens, antibiotics,
glycoproteins, and glycolipids. For example, the tumor antigen
Globo H,[1] ABH blood groups,[2] and human milk oligosac-
charides[3] contain �-�-Fuc(1�2)�-Gal (1) as a common
component. �-�-Glc(1�2)�-Gal (2) is a structural element of
glycoproteins isolated from the body wall of leeches.[4] �-�-
Gal(1�2)�-Gal (3) is found as the disaccharide repeating
unit of Streptococcus pneumoniae type 15 antigen.[5] Vanco-
mycin, a significant glycopeptide antibiotic against gram-
positive bacteria, has a disaccharide moiety 4, which consists
of �1�2-linked vancosamine with �-glucopyranose.[6] �-�-
Man(1�2)�-Glc (5) is a typical constituent in the cell
membrane of halophilic bacteria.[7] The glycolipids extracted
from Lactobacillus casei A.T.C.C. 7469 are composed of �-�-
Gal(1�2)�-�-Glc(1�1)-glycerol lipid 6 as the major com-
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ponent.[8] Given the importance of these disaccharide motifs
with �1�2 linkages, there is a need to develop a highly
selective protection[9] of hexopyranosides to generate a free
hydroxy group at C2 for their synthesis. To tackle this
problem, we describe herein a highly regioselective benzyl or
allyl protection of hexopyranosides to the corresponding
2-hydroxy compounds by means of very mild, acid-catalyzed,
reductive etherification of their O-trimethylsilylated deriva-
tives with a variety of aldehydes.[10] Finally, we show their
applications in the regioselective one-pot protection ± glyco-
sylation to prepare these biologically potent �1�2-linked
disaccharide derivatives.

The one-pot synthesis of the trimethylsilyl ether 8 from
methyl �-�-glucopyranoside 7 in 74% yield was carried out
through a combination of 4,6-O-benzylidenation and 2,3-di-
O-silylation. Triethylsilane-reductive O3-etherification of 8
with various aryl and �,�-unsaturated aldehydes in the
presence of trimethylsilyl trifluoromethanesulfonate
(TMSOTf) as the catalyst successfully afforded the corre-
sponding 2-hydroxy compounds 9 ± 15. Excellent selectivity
and yields were observed in comparison with known methods
for the regioselective introduction of acyl or alkyl groups in �-
glucopyranosides at O3 (Table 1).[11] Under these acidic
conditions, it was observed that the 4,6-O-benzylidene acetal
of 8 was not hydrolyzed or opened, and that the double bonds
of allyl ethers 14 and 15 were not further reduced. The
regiochemistry of 9 ± 15 was determined through the 1H and
1H,1H COSY NMR spectra: H2 was correlated with the
proton of the free hydroxy group as well as with H1. The high
selectivity is perhaps induced not only by the steric hindrance
between the anomeric methoxy group and the 2-OTMS
group, but also by the inductive effect of two anomeric oxygen
atoms which causes a decrease in the nucleophilicity of O2.

We studied the regioselective etherification in a variety of
O-trimethylsilylated pyranosides (Table 2). The highlights
include 3-O-benzylation of different protected �-glucopyra-
nosides and �,��-trehalose, and 6-O-benzylation of �-cyclo-
dextrin as well as of the �-galactopyranosyl derivatives. The
4,6-O-isopropylidene ketal 16, �-allyl ether 18, and �-�-
thioglucopyranoside 20 were selected to examine the com-
patibility of substituted groups at the O4, O6, and anomeric
positions, and the corresponding 3-OBn compounds 17, 19,

[20] A. P. Chichagov, V. V. Ilyukhin, N. V. Belov, Sov. Phys. Dokl. 1966, 11,
11.

[21] L. Onsager, Ann. N. Y. Acad. Sci. 1949, 51, 627.
[22] M. Nikl, P. Bohacek, E. Mihokova, M. Kobayashi, M. Ishii, Y. Usuki,

V. Babin, A. Stolovich, S. Zazubovich, M. Bacci, J. Lumin. 2000, 87,
1136.

[23] L. Qi, H. Cˆlfen, M. Antonietti, Nano. Lett. 2001, 1, 61.
[24] A. Peytcheva, M. Antonietti, Angew. Chem. 2001, 113, 3484; Angew.

Chem. Int. Ed. 2001, 40, 3380.
[25] M. M. Chirilaa, K. T. Stevensa, H. J. Murphyb, N. C. Giles, J. Phys.

Chem. Solids 2000, 61, 675.
[26] K. Polak, M. Nikl, K. Nitsch, M. Kobayashi, M. Ishii, Y. Usuki, O.

Jarolimek, J. Lumin. 1997, 72 ± 74, 781.
[27] Y. Toyozawa, M. Inoue, J. Phys. Soc. Jpn. 1966, 21, 1663.
[28] M. Springis, V. Tale, I. Tale, J. Lumin. 1997, 72 ± 74, 784.
[29] M. Nikl, P. Strakova¬ , K. Nitsch, V. PetÌek, V. Mu¬ka, O. JarolÌmek, J.

Nova¬k, P. Fabeni, Chem. Phys. Lett. 1998, 291, 300.

[*] Dr. S.-C. Hung, C.-C. Wang, S.-Y. Luo, H.-F. Fan, C.-L. Pai
Institute of Chemistry, Academia Sinica
Taipei 115 (Taiwan)
Fax: (�886)2-2783-1237
E-mail : schung@chem.sinica.edu.tw

J.-C. Lee, W.-C. Yang, L.-D. Lu
Department of Chemistry, National Tsing Hua University
Hsinchu 300 (Taiwan)

[**] We thank Professor Sunney I. Chan for his helpful discussions. This
work was supported by the National Science Council (NSC 90-2323-B-
001-008).

Supporting information for this article is available on theWWWunder
http://www.angewandte.org or from the author.



COMMUNICATIONS

Angew. Chem. Int. Ed. 2002, 41, No. 13 ¹ WILEY-VCH Verlag GmbH, 69451 Weinheim, Germany, 2002 1433-7851/02/4113-2361 $ 20.00+.50/0 2361

and 21, respectively, were obtained in good yields (Table 2,
entries 1 ± 3). A similar phenomenon was observed in the �,��-
trehalose derivative 22 : the 3,3�-di-O-benzylated product 23
was produced in high yield under the standard conditions
(Table 2, entry 4). No 2-OBn regioisomer was detected in any
of the above cases. However, the corresponding 2,3-diols
(entries 1 ± 3) and 2,2�,3,3�-tetraol (entry 4), which result from
the hydrolysis of the bis-OTMS functionalities owing to
prolonged reaction times, were isolated in 5 ± 10% yields,
which cause a slight drop in the overall yield. Regioselective
benzylation of cyclodextrin molecules at various hydroxy
groups is a big challenge for synthetic chemists.[12] Interest-
ingly, we found that the O-trimethylsilylated �-cyclodextrin
24[13] successfully delivered the corresponding 6-OBn com-
pound 25 in 62% yield after recrystallization from methanol
(Table 2, entry 5). Finally, the 3,4-O-isopropylidene-�-galac-
topyranosyl sugars 26 and 30 (Table 2, entries 6 ± 9) also
displayed excellent regioselectivity as expected to provide the
2-hydroxy compounds 27 ± 29 and 31, respectively, in very high
yields compared to etherifications under basic conditions.[14]

To the best of our knowledge, the regioselective one-pot
protection ± glycosylation strategy of carbohydrate molecules
has not been studied to date. Since TMSOTf was successfully
used as the catalyst in the reductive etherification and it was
often the reagent of choice in the coupling reactions of sugars,
we investigated this methodology further to prepare the �-
linked disaccharide units in one-pot syntheses. The perbenz-
ylated �-galacto (32), �-manno (33), �-fuco (36), and �-
glucopyranosyl (37) trichloroacetimidates[15] were selected as
glycosyl donors. TMSOTf-catalyzed triethylsilane-reductive
benzylation of the �-glucopyranosyl sugar 8 followed by
coupling with 32 and 33[16] gave the expected �-disaccharides
34 and 35 in 61% and 74% yields, respectively (Scheme 1).
Similarly, regioselective one-pot O6-benzylation and O2-
glycosylation of 26 with 36, 32, or 37 led to the desired
products 38 (56%), 39 (55%), or 40 (51%), respectively
(Scheme 2). Their � configurations were determined from the
coupling constants of the anomeric protons. Compounds 34,
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Scheme 1. Regioselective one-pot benzylation ± glycosylation of 8 with the
glycosyl donors 32 and 33 to form the �-linked disaccharides 34 and 35,
respectively.

Table 1. Trimethylsilyl trifluoromethanesulfonate activated triethylsilane-
reductive O3-etherification of 8 with a variety of aryl and �,�-unsaturated
aldehydes.[a]

Entry R T [�C] t [h] Product Yield [%]

1 Ph � 78 0.5 9 94
2 4-OMePh � 78 0.5 10 91
3 3,4-(OMe)2Ph � 78 3 11 87
4 4-ClPh � 78 4 12 77
5 2-naphthyl � 78 2 13 81
6 (E)-MeHC�CH � 86 6.5 14 68
7 (E)-PhHC�CH � 86 6.5 15 87

[a]Reagents and conditions: a) PhCH(OMe)2, CSA, TMSCl, Et3N, 74%;
b) cat. TMSOTf, RCHO, Et3SiH, CH2Cl2. TMS� trimethylsilyl ; CSA�
camphorsulfonic acid; Tf� trifluoromethanesulfonyl.

Table 2. Trimethylsilyl trifluoromethanesulfonate activated triethylsilane-
reductive benzylation of various O-trimethylsilylated sugars with benz-
aldehyde at �78 �C.

Entry Silylated sugar Product Yield [%]
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Scheme 2. Regioselective one-pot benzylation ± glycosylation of 26 with
the glycosyl donors 36, 32, and 37 to form the �-linked disaccharides 38, 39,
and 40, respectively.

35, 38, 39, and 40 are the protected versions of biologically
potent disaccharides 6, 5, 1, 3, and 2, respectively.

In conclusion, we have successfully developed a highly
regioselective benzyl and allyl protection of hexopyranosides,
and demonstrated their applications in the synthesis of
biologically potent �1�2-linked disaccharide derivatives in
a regioselective one-pot protection ± glycosylation.
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